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Does Students’ Source of Knowledge 
Affect Their Understanding of  
Volcanic Systems?
By Thomas L. Parham, Cinzia Cervato, William Gallus, Michael Larsen, Jon Hobbs, and Thomas Greenbowe
A recent survey of undergradu-
ates at five schools across the 
United States indicates that many 
undergraduates feel that they 
have learned more about volca-
nic systems from Hollywood films 
and the popular media than they 
learned in the course of their 
precollegiate formal education. 
Scores on the Volcanic Concept 
Survey, an instrument designed to 
measure conceptual understanding 
of volcanic processes and hazards, 
shows that students who learned 
about volcanoes from nontraditional 
sources, such as films and popular 
media, scored significantly lower 
than their peers who learned from 
more traditional sources, such as 
in formal classroom settings or via 
personal experience. This “source 
of knowledge” effect has a highly 
significant relationship with student 
understanding of volcanic systems—
on par with the effects of gender, 
lived geography, and self-reported 
general science interest, among 
others.
T he National Science Education Standards recommend intro-ducing students to volcanism and plate tectonics as early as 
grade 5 (NRC 1996, p. 159). Yet, studies 
in geoscience education (e.g., Barrow 
and Haskins 1996; Libarkin and 
Anderson 2005) have found that even 
undergraduate students tend to have a 
limited understanding of the geologi-
cal processes related to plate tecton-
ics, earthquakes, and volcanism. Most 
recently, the Volcanic Concept Survey 
(VCS) documented a number of mis-
conceptions related to volcanoes. Of 
particular note was the inaccurate idea 
that volcanic eruptions were caused 
by changes in atmospheric conditions 
(i.e., increased temperature or severe 
weather). Also, most students failed to 
perceive the causal link between vol-
canism and tectonic plate motions—a 
fundamental concept in modern geol-
ogy. In this study, we seek to explore a 
possible connection between the source 
of students’ prior knowledge of volca-
nic systems and their mental models of 
these systems. Specifically, is it possible 
that a generally poor understanding of 
volcanoes is related to the tendency of 
many students to learn from nontradi-
tional sources? 
It has been argued that many con-
ceptual gaps and misconceptions, 
particularly in the geosciences, may 
result from viewing mainstream 
science-fiction and adventure films. 
Recent research has found that even 
a single viewing of modern science-
fiction films can have lasting impact 
on students’ ability to understand 
science content. Barnett and col-
leagues (2006) found that watching 
the science-fiction film The Core 
even once led students to develop 
exceptionally durable, if completely 
inaccurate, understandings of the 
structure of the Earth, the inner core, 
and the chemistry of the inner Earth. 
Moreover, inaccurate ideas may per-
sist because of a self-perpetuating 
lack of scientific literacy among 
students. Science-fiction films have 
been specifically cited as particularly 
efficient at blurring the line between 
scientific reality and science-fiction 
fantasy (Frank 2003), so much so 
that they have been deemed a cultural 
barrier to developing a “scientifically 
literate citizenry” (National Science 
Foundation 2000). Without the skills 
to critically analyze what appears 
on the screen, students will continue 
to accept what they see as accurate 
information, provided it is “realistic” 
enough. Although scientists may 
define very different criteria for real-
ism in a simulated volcanic eruption, 
students are likely to decide whether 
to accept or reject information largely 
on the basis of perceptual cues (Prince 
1996). Perceptual realism is based 
primarily on aesthetic criteria and thus 
does not take into account the validity 
of any underlying processes. In this 
regard, advanced computer-generated 
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graphics and visual effects grant the 
media and mainstream films an ever-
increasing power to misinform.
Of course, mainstream film and 
television are meant to entertain rather 
than educate. In fact, many educators 
might object to our characterization 
of films and media as significant 
“sources of knowledge” (SoKs) 
within this study, as they can often 
be highly inaccurate. However, the 
fact remains that film and media influ-
ences are an ever present and grow-
ing part of students’ life experience. 
Under a constructivist framework, 
educators should acknowledge that 
prior experience and would therefore 
do well to understand its effect on 
content understanding. To this end, 
two questions must be answered. 
First, are a significant number of 
students learning primarily from non-
traditional (media and film) sources? 
More important, are students’ SoKs 
reliably associated with variance in 
their levels of content understanding?
In this study, we explore these 
questions via the self-reported SoKs 
of 672 undergraduate students who 
completed the VCS. When students 
were asked to identify the source 
from which they had learned the most 
about volcanoes, Hollywood films 
and popular media accounted for 
over 40% of responses. Students who 
learned from a traditional SoK (in 
class or through personal experience) 
demonstrated much deeper and fuller 
understandings of volcanic systems 
than did their peers who learned from 
a nontraditional SoK, particularly 
mainstream films.
Survey structure and 
student population
Several assessment instruments have 
been used to measure student under-
standing of difficult concepts in the 
geosciences. One such instrument, 
the Geoscience Concept Inventory 
(GCI; Libarkin and Anderson 2005), 
provides a particularly strong ex-
ample of a broad-scale approach, 
covering many concepts across mul-
tiple geoscientific subdisciplines. 
Other instruments have taken a more 
concept-specific approach, focusing 
on the understanding of plate tec-
tonics and flooding (Cervato, Rudd, 
and Wang 2007) or other concep-
tually challenging areas. The VCS 
was developed under the latter ap-
proach, specifically focusing on 
student understanding of volcanoes 
and volcanic processes. The instru-
ment consisted of two sections: a 
demographic questionnaire and a 
conceptual survey with 10 open-
ended questions, the last of which 
contained four subquestions.
The SoK prompt, featured at the 
end of the conceptual survey, asked 
students to identify one out of five 
provided sources from which they 
learned the most about volcanoes. 
Choices included the following:
• personal experience or 
discussion;
• classroom activities or textbooks;
• documentary programs (e.g., 
Discovery Channel);
• TV news, newspapers, magazines 
(media); and
• Hollywood movies/films (e.g., 
Volcano, Dante’s Peak)
Despite the specif ic  direc-
tions, many students chose to select 
more than one source, which may in-
dicate an uncertainty about which was 
most significant in their own learning. 
Thus, all responses were retained and 
considered equally valid for statisti-
cal purposes. For example, a student 
selecting both films and in-class 
learning would be included in both 
“movies” and “class” SoK response 
counts. These multiple selections pre-
vented the accurate characterization 
of distinct SoK subpopulations, but 
aggregate data still proved quite in-
teresting as well as statistically viable.
Faculty at five U.S. colleges 
and universities administered the 
VCS during the first week of their 
introductory-level geoscience cours-
es. A demographic questionnaire 
included with the VCS recorded data 
on gender, age, racial identity, home 
institution, year in school, major, 
and level(s) of parental education for 
each student in the survey population. 
Table 1 summarizes key demographic 
variations between the subpopulations 
from each institution. Overall, the 
survey population was 53.1% female 
and 46.9% male, with an average age 
of 20. Students from racial minority 
groups accounted for roughly 30% 
of the total population. Humanities 
and other nonscience majors repre-
sented 64% of the students surveyed, 
whereas less than 4% reported a major 
in physical sciences.
SoK responses
Six hundred and seventy-two stu-
dents completed surveys, which were 
scored by a team of specially trained 
graders including three undergradu-
ates, one graduate student, and three 
faculty members from Iowa State 
University. Each grader was respon-
sible for a random subset of surveys 
from the total population. Using a 
coding rubric developed in collabo-
ration with a volcanologist and three 
science education experts, responses 
were assigned individual item scores 
ranging from 0 to 3 on the basis of 
the level of conceptual understand-
ing demonstrated. Item scores were 
then compiled into a total score on 
the survey. To test for consistency 
and agreement among graders, and 
to test whether grader training had 
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been effective, we randomly selected 
20 surveys from the total population 
and distributed copies to be scored 
by each grader. Statistical analyses 
using interclass correlations with 
random grader effects confirmed 
a high degree of grader reliability 
with respect to both item scores (in-
terclass correlations 0.70–0.88) and 
total score (interclass correlation = 
0.85). With 27 total points possible 
for the first nine items, and 3 points 
for each of the four subquestions on 
the final item, possible scores ranged 
from 0 to a maximum of 39. Ob-
served student scores were generally 
low, ranging from 0 to 25 (mean = 
6.9; standard deviation = 4.5).
Table 2 shows the total frequency 
of each of the five SoK responses and 
frequency by institutional setting. 
Though the multiple-selection problem 
prevented the comparison of distinct 
SoK subpopulations, mean scores for 
each SoK are also reported in Table 2. 
Some SoK category labels are abbrevi-
ated for clarity. For example, the “TV 
news, newspapers, magazines” re-
sponse was labeled simply as “Media.” 
For the purposes of this study, “tradi-
tional” sources of knowledge included 
classroom activities and learning from 
textbooks, personal experience, and/or 
discussion, whereas “nontraditional” 
sources included movies and popular 
(i.e., non-peer-reviewed) media. Docu-
mentary films were also included in 
the “traditional” category. Responses 
indicate that although there were mul-
tiple SoK selections across categories, 
in-class learning was predominant. 
However, many students believed they 
had learned the most about volcanoes 
from sources in the nontraditional 
category. Taken as a group, nontradi-
tional sources (Table 2, marked with*) 
accounted for 40.7% of all selections.
Effects of SoK on 
understanding
Total survey score was used to ex-
plore the effects of nontraditional 
sources of knowledge on students’ 
overall conceptualization of vol-
canoes and plate tectonics. Table 3 
presents a multiple linear regres-
sion model developed for the entire 
survey data set based only on SoK 
response. This model does not truly 
“predict” student scores, but rather 
estimates how given demographic 
factors contribute to the score of a 
typical student. Sources of knowl-
edge with low p values represent 
statistically significant factors asso-
ciated with high score and, by proxy, 
better understanding of volcanic sys-
tems. The estimates represent gains 
in score associated with having a 
given source of knowledge. Because 
of the fact that students could select 
TABLE 1













Female 44 54 75 70 76
Male 56 26 25 30 24
Interested in science 20 6 19 11 37
Interested in Earth science 22 15 36 15 39
Mother HS 96 97 59 96 92
Father HS 96 94 68 93 82
Caucasian 85 92 10 81 3
Hispanic 2 4 89 0 5
Asian / Pacific Islander 6 1 0 19 3
African American 4 1 3 0 92
Note: Values reported are percentages of a given subpopulation (i.e., 92% of students at 
FVS were African American).  Subpopulations divided based on home institution: ISU = 
Iowa State University; UGA = University of Georgia; UTEP = University of Texas at El Paso; 
WWU = Western Washington University; FVS = Fort Valley State.  HS = high school diploma.
TABLE 2
Frequency of source-of-knowledge (SoK) responses.  
SoK ISU UGA UTEP WWU FVS Total Mean SD
Class 168 22 23 10 15 238 7.40 4.40
Doc. 107 21 26 10 9 173 8.29 5.07
Exp. 15 3 2 1 1 22 9.82 6.21
Media* 52 6 17 4 4 83 7.18 4.81
Movies* 133 20 43 10 8 214 6.02 3.81
Note: Nontraditional sources are marked with an asterisk (*).  Participating colleges 
and universities are identified by simple ID variables: ISU = Iowa State University; 
UGA = University of Georgia; UTEP = University of Texas at El Paso; WWU = Western 
Washington University; FVS = Fort Valley State. ISU is a large Midwestern research 
extensive university, and WWU is located in a volcanically active area. Doc. = 
documentary films; Exp. = personal experience. 
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multiple sources, SoK effects can 
“stack.” For example, a hypothetical 
student who selected class and me-
dia as their SoKs, without consider-
ing any other demographic factors, 
would be expected to score near 7.96 
(5.47 + 1.44 + 1.05) out of the pos-
sible 39 points. 
Although it was only 1 of 20 de-
mographic variables collected, SoK 
alone accounted for over 7% of total 
score variability in the student popu-
lation. Traditional sources including 
in-class learning, personal experience, 
and even documentary films were 
highly significant predictors of a high 
score on the instrument, even at the 
p < .001 level. In contrast, both sourc-
es (media and movies) in the nontra-
ditional category were not significant 
(p > .05). The p value for media (.052) 
indicated marginal significance at the 
p < .1 level, but learning from movies 
was decisively not a reliable predictor 
of high score. Thus, neither nontradi-
tional source of knowledge (film nor 
media) correlates with a strong grasp 
of volcanic processes.
To further explore this trend, we 
developed an expanded linear multiple 
regression model, which accounted for 
a greater proportion (31%) of overall 
score variability by including interac-
tions between a broad range of demo-
graphic variables (see Table 4). Again, 
learning from traditional sources was 
associated with better understanding of 
volcanoes and plate tectonics. Learn-
ing from nontraditional sources proved 
even less significant in the expanded 
model.
Aside from SoK, certain demo-
graphic factors were associated with 
high scores. Students who were very 
interested in science (V.I. Sci.) or had 
a father with at least a high-school 
diploma (Father HS) performed bet-
ter than their peers. Male students 
performed better than females. Young 
TABLE 3
Multiple linear regression model fitting total score trends.   
Estimate SE t value Pr(>|t|)
(Intercept) 5.47 0.40 13.57 0.00
SoK = Class 1.44 0.43 3.37 0.00**
SoK = Doc. 2.38 0.45 5.32 0.00**
SoK = Exp. 3.27 0.95 3.43 0.00**
SoK = Media 1.05 0.54 1.94 0.05*
SoK = Movies 0.14 0.45 0.31 0.76
Note: Residual Standard Error = 4.336 on 660 degrees of freedom.  Multiple R2 = 
0.072.  Model P value: < .001.  Learning from media and movie sources were not 
statistically significant predictors of a high score at the p < .05 level.  SoK = source of 
knowledge; Doc. = documentary films; Exp. = personal experience. 
*p < .1  **p < .001
students (specifically sophomores) 
and students from one of the par-
ticipating institutions that was lo-
cated in a volcanically active region 
(Western Washington University) 
also scored highly on the InVEST 
instrument. One school (Fort Valley 
State) represented a largely African 
American population, and a second 
(University of Texas at El Paso) had 
a large Hispanic student body. How-
ever, the “home institution” of each 
student proved more useful in model 
fitting than racial or ethnic identity 
variables. It is also apparent in this 
expanded model that one grader (S) 
was either particularly conservative in 
his or her scoring or happened to re-
ceive a larger number of low-scoring 
student responses. In this model, it is 
unclear which factor played the larger 
role, but high levels of interrater reli-
ability seen in grader training would 
support the latter interpretation.
Discussion
This study included a broad sample 
of students (n = 672) from a variety 
of demographic backgrounds. The 
institutions administering the survey 
represented a variety of institutional 
types ranging from a large research-
extensive university (Iowa State Uni-
versity) to a small regional universi-
ty (Western Washington University). 
Overall, the students surveyed were 
typical of what one might expect in 
an introductory geoscience course.
A high total score on the InVEST 
instrument represents a broad and 
well-developed understanding of vol-
canic systems, as might be expected 
from students who had explored 
volcanic systems at some depth dur-
ing their prior instruction and/or life 
experience. Therefore, a student scor-
ing perfectly on the instrument would 
possess at least basic understanding 
of the geoscientific content involved 
in volcanic systems (a mental image 
of volcano internal structure, the idea 
that different magma compositions 
can make an eruption more or less ex-
plosive, types of hazards, etc.). More 
important, however, high-scoring 
students would have demonstrated an 
ability to synthesize and apply their 
content knowledge in order to make 
predictions about how volcanic erup-
tions might affect the environment 
and nearby human endeavors.
Because students were surveyed 
prior to their first college-level geosci-
ence course, the generally low VCS 
total scores (mean = 6.5, standard 
deviation = 4.5) may seem unsur-
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(31% of variability can be explained 
by demographic factors, as seen in 
Table 4). When included among other 
demographic variables in expanded 
modeling (see Table 4), SoK is as 
meaningful as many other factors in-
cluding gender, which tends to receive 
much more attention in educational 
literature and reform efforts.
Beyond source of knowledge, many 
of the significant factors in our score 
model (e.g., gender, interest in science, 
father’s education) have been well 
explored in science education and edu-
cational psychology literature. Studies 
have shown that males tend to be 
more drawn to the material rewards of 
scientific careers (Morgan, Isaac, and 
Sandon 2001), have more positive at-
titudes toward science (Trankina 1993), 
and are generally more interested in ex-
ploring scientific topics (Jones, Howe, 
and Rua 2000). This implies that the 
interest-level variable, although often 
statistically complex, is most likely 
being influenced by a gender effect. 
Moreover, paternal education is likely 
tied to socioeconomic status, which is 
a consistent predictor of high academic 
achievement. Finally, it seems reason-
able to expect that individuals living 
in volcanically active areas (School 
W) would be better informed about 
volcanoes than individuals living in 
the Midwestern United States (School 
I). Sophomores throughout the survey 
population scored better on the VCS, 
which may be of interest to physical 
science departments seeking to recruit 
students. It is possible that many of 
these young students have an inclina-
tion toward physical science, which 
they have yet to fully realize, and would 
still have time to change their major.
Conclusions
The two most significant conclu-
sions of this study were as follows: 
(1) Students who reported that they 
TABLE 4
Expanded multiple linear regression model reporting demographic 
trends associated with high score on the Volcanic Concept Survey.   
Estimate SE t value Pr(>|t|)
(Intercept) 1.98 0.87 2.27 0.02
SoK = Class 0.96 0.38 2.52 0.01*
SoK = Doc 1.28 0.41 3.16 0.00**
SoK = Exp 2.41 0.84 2.86 0.00**
SoK = Media 0.58 0.48 1.20 0.23
SoK = Movies − 0.11 0.40 − 0.27 0.79
Sex = M 1.01 0.31 3.20 0.00**
Year = Jr − 0.73 0.43 − 1.69 0.09*
Year = So − 0.87 0.39 − 2.26 0.02*
Year = Sr − 0.51 0.51 − 1.00 0.32
School = ISU 1.23 0.70 1.75 0.08*
School = UGA − 0.47 0.84 − 0.56 0.58
School = UTEP − 0.74 0.82 − 0.90 0.37
School = WWU 5.78 1.07 5.40 0.00**
V.I. Sci. 2.64 0.39 6.70 0.00**
Father HS 1.63 0.53 3.08 0.00**
ID = B 3.69 0.57 6.46 0.00**
ID = C 2.32 0.56 4.12 0.00**
ID = J 1.78 0.56 3.18 0.00**
ID = M 2.92 0.87 3.35 0.00**
ID = S 0.21 0.49 0.43 0.67
ID = T 1.34 0.53 2.54 0.01*
Note: School variables represent students’ home institution: ISU = Iowa State University; 
UGA = University of Georgia; UTEP = University of Texas at El Paso; WWU = Western 
Washington University; FVS = Fort Valley State.  Variables labeled ID represent 
scoring by a particular grader.  Residual standard error = 3.78 on 644 degrees of 
freedom.  Multiple R2 = 0.313.  Model P value: < .001. SoK = source of knowledge;  
V.I Sci. = very interested in science; HS = high-school diploma; Doc. = documentary 
films; Exp. = personal experience. 
*p < .1  **p < .001
prising. However, as stated in the 
National Science Education Standards 
(NRC 1996, p. 159), students should 
acquire basic content understanding 
of volcanoes and plate tectonics, if 
not the ability to critically apply said 
understanding, well before entering 
college. In contrast, the low scores 
seen on the VCS underscore the fact 
that a typical student’s prior knowl-
edge of volcanoes and plate tectonics 
is likely to be quite limited.
Further analysis of VCS survey 
data indicates that many students’ 
limited understanding of volcanoes 
may stem from certain nontraditional 
sources of prior knowledge—spe-
cifically, popular films and media. 
Though it was only one of over 20 
demographic variables collected by 
the VCS, SoK explained 7% of total 
score variability among students—
nearly one-fourth of all demographi-
cally associated score variability 
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learned most about volcanoes from a 
traditional SoK (i.e., coursework or 
personal experience) demonstrated a 
higher level of understanding about 
volcanic systems and (2) students 
who reported that they learned most 
about volcanoes from a nontradi-
tional SoK (i.e., Hollywood films 
and the media) demonstrated a lower 
level of understanding about volca-
nic systems.
Although this study focuses on stu-
dents’ conceptualization of volcanic 
systems, it seems likely that popular 
media is also a significant influence 
on how students conceptualize many 
other scientific concepts. The negative 
effects of popular films and media 
underscore the need for high-quality 
educational experiences in traditional 
learning environments. Specific at-
tention should be paid to the use 
of thought-provoking questioning 
patterns that place an emphasis on 
getting students to self-analyze their 
observations. 
One of the most promising ways 
to promote critical thinking is to get 
students writing about their ideas as 
well as the observations and experi-
ences that have led to the develop-
ment of their own mental models. 
In particular, the Science Writing 
Heuristic (SWH; e.g., Burke, Green-
bowe, and Hand 2006) has proven 
a powerful writing-to-learn tool for 
simultaneously enhancing students’ 
learning of complex concepts and 
promoting development of scientific 
inquiry process skills and metacog-
nition. Thus, the claims-evidence 
structure of the SWH may be an ideal 
framework for lessons involving 
in-class critiques of film and media 
portrayals of volcanic eruptions 
and other scientific phenomena. For 
example, instructors can utilize per-
tinent fragments of Hollywood mov-
ies like The Core in the classroom 
within a critical-thinking exercise, 
specifically questioning students on 
the scientific validity of the phenom-
ena depicted in the movie and asking 
them to structure their arguments on 
the basis of what they have learned 
in the classroom. ■
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